Background
==========

Colorectal cancer (CRC) is considered as the third most common type of cancer worldwide and represent the second leading cause of cancer-related mortality globally \[[@b1-medscimonit-25-4176],[@b2-medscimonit-25-4176]\]. Accumulating evidence suggests that molecular characteristics determine the response to treatment and prognosis in CRC \[[@b3-medscimonit-25-4176]\]. The dysregulation of oncogenes or tumor suppressor genes in tumor cells results in alterations in cell growth, apoptosis, migration, invasion, and so on \[[@b4-medscimonit-25-4176],[@b5-medscimonit-25-4176]\]. Therefore, identifying novel biomarkers and exploring key pathogenic genes could provide CRC patients with the most timely and reasonable diagnosis and treatment \[[@b6-medscimonit-25-4176]\].

Lymph node metastasis is the most important prognostic factor in CRC \[[@b1-medscimonit-25-4176]\]. Accurate preoperative prediction of lymph node status in CRC is important to find appropriate therapeutic decisions, such as the utilization of neoadjuvant or adjuvant chemotherapy for patients with lymph node metastasis, or the implementation of a more conservative approach to keep bowel resection for patients without lymph node metastasis \[[@b7-medscimonit-25-4176],[@b8-medscimonit-25-4176]\]. However, the strategies adopted now in clinical practice usually have limited sensitivity and specificity in predicting lymph node metastasis \[[@b9-medscimonit-25-4176],[@b10-medscimonit-25-4176]\]. Increasing evidence has shown that dysregulated mRNAs is a potential tumor markers to predict disease progression and metastasis. Our research group is trying to identify novel genes regulating CRC metastasis, including lymph node metastasis.

Calcium-activated chloride channel (CLCA) regulators are proteins which are characterized as a symmetrical multiple cysteine motif in amino terminal tail \[[@b11-medscimonit-25-4176]\]. It has been shown that the expression of CLCA proteins was deregulated in a variety of cancers \[[@b12-medscimonit-25-4176],[@b13-medscimonit-25-4176]\]. CLCA4 is a member of the CLCA family which has similar primary structure with CLCA1 and CLCA2 \[[@b14-medscimonit-25-4176]\]. Downregulation of CLCA4 expression was observed in breast cancer, bladder cancer, and hepatocellular carcinoma and thought to facilitate tumor cells growth and metastasis by the regulation of epithelial-mesenchymal transition (EMT) \[[@b14-medscimonit-25-4176]--[@b16-medscimonit-25-4176]\]. When we tried to explore novel mRNAs differentially expressed between CRC cancer tissues and noncancerous tissues with potential research value based on GEO dataset GSE21510, we found that CLCA4 was one of the most differentially expressed mRNAs between tumor and normal groups. However, there are few studies on CLCA4 in the field of CRC besides a research mentioned that CLCA4 was decreased significantly in CRC patients \[[@b17-medscimonit-25-4176]\], but the functional roles and underlining molecular mechanism of CLCA4 has not been well clarified yet.

In this study, we explore the expression of CLCA4 in CRC tissues and cells, explored the association of CLCA4 expression with clinicopathological features in CRC patients. By constructing CLCA4 over-expression cell models, it was found that the inactivation of the PI3K-AKT signaling and EMT mediated the exertion of biological function of CLCA4 in CRC cells.

Material and Methods
====================

Cell culture and gene over-expression
-------------------------------------

SW620 and LoVo cell lines (both with relative higher metastatic potential) were obtained from Yearthbio Technology Co., Ltd. (Changsha, Hunan, China) and were cultured using DMEM/F12 medium supplemented with 10% fetal bovine serum (FBS; Thermo Fisher Scientific, Waltham, USA) under the condition of 5% CO~2~ at 37°C. CLCA4 over-expression plasmid (HG24887-UT) was purchased from Sino Biological (Beijing, China). CLCA4 over-expression lentivirus were constructed by Genomeditech (Shanghai, China).

RNA isolation and quantitative real-time polymerase chain reaction (qRT-PCR)
----------------------------------------------------------------------------

Total RNAs were extracted from the cells using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) and then were reverse transcribed using the Reverse Transcription Kit (Bio-Rad, Hercules, CA, USA). In order to detect the relative mRNA levels of CLCA4 and other related genes, quantitative real-time polymerase chain reaction (qRT-PCR) was performed using SYBR Green Supermix (Bio-Rad) in the Real-Time PCR Detection System (Bio-Rad, CFX96) based on the instructions of the manufacturer. All detections were implemented in 3 independent experiments. The relative quantification comparative Ct method was used to quantify the relative mRNA levels of target genes. β-actin was used as internal reference. The primer sequences were CLCA4-F: 5′-CCCTTCAGCTCGAAAGTAA-3′, CLCA4-R: 5′-AGATTGTATGCCCAAGTGCC-3′.

Western blotting
----------------

For the sake of detecting the protein expression of CLCA4 epithelial-mesenchymal transition markers and key elements of PI3K/AKT signaling, western blot was carried out. Cells were lysed and centrifuged. The supernatant was collected and denatured. Proteins were separated SDS-PAGE and blotted onto PVDF membrane. The membrane was then treated with TBST containing 50 g/L skimmed milk at room temperature for 4 hours, followed by incubation with the primary antibodies: anti-CLCA4 anti-E-cadherin (1: 1000, Proteintech), anti-N-cadherin (1: 1000, Proteintech), anti-Vimentin (1: 2000, Proteintech), anti-α-SMA (1: 500, Proteintech), anti-Snail (1: 200, Proteintech), anti-PI3K (1: 2000, Abcam), anti-p-PI3K (1: 1000, Abcam), anti-pan AKT (1: 500, Abcam), anti-p-AKT (1: 5000, Abcam), and anti-GAPDH (1: 1000, Proteintech) respectively, at 37°C for 1 hour. Membranes were rinsed and incubated for 1 hour with the correspondent peroxidase-conjugated secondary antibodies. Chemiluminescent detection was performed with the ECL kit (Pierce Chemical, Rockford, IL, USA). The amount of the protein of interest was normalized to the densitometric units of GAPDH.

Immunohistochemistry
--------------------

A total of 64 cases of CRC paraffin tissue samples confirmed by histological examination were collected from the Department of General Surgery of Changde First People's Hospital from January 2017 to December 2017. None of the patients received radiotherapy or chemotherapy. Normal tissues were taken from the mucosa more than 5 cm from the edge of the tumor. Normal colorectal mucosa was diagnosed by proportion. The expression of CLCA4 in tumor tissue and mucosa tissue were detected using immunohistochemistry with ElivisionTM plus Polyer HRP (Mouse/Rabbit) IHC Kit (MXB, KIT-9901) according to manufacturer's instructions against anti-CLCA4 antibody (Abcam, ab197347). After DAB (3′-diaminobenzidine) coloration, the 5 slices of visual field were captured by Nikon light microscopy (200×). Two pathologists assessed and scored the staining results without knowing the clinical data of the samples. The positive staining of CLCA4 was mainly localized in the cytoplasmic brown-yellow granules of CRC tissues, and the expression level was determined according to the immunohistochemical staining intensity standard. The scoring criteria was as following: scored as 0 (negative), 1 (weak), 2 (medium), or 3 (strong). Extent of staining was scored as 0 (\<5%), 1 (5--25%), 2 (26--50%), 3 (51--75%) and 4 (\>75%) according to the percentages of the positive staining areas in relation to the whole carcinoma area. The immunoreactivity score (IRS) was generate by the percentage score multiplied the staining intensity score. High expression of CLCA4 was defined as detectable immunoreactions with IRS \>4 \[[@b18-medscimonit-25-4176]\].

Cell wound healing and Transwell assays
---------------------------------------

Wound healing assay was performed to estimate the migration ability of different CRC cell models. Cells were seeded and grown to 90% confluence in 6-well culture plates. The wounds on the monolayer which were created using 10 μL tips were washed with PBS 3 times. The gap width was measured at the presupposed time points by microscopy.

The invasiveness of CRC cells was assessed using Transwell assay. Total of 2×10^5^ cells which were suspended in 100 μL medium with 0.1% serum were inoculated in the upper chambers of Transwell culture systems pre-coated with Matrigel (1: 8 dilution; BD Biosciences, San Jose, CA, USA), and medium with 10% FBS was added to the lower chambers. The invasive cells were fixed and stained with 0.5% crystal violet after incubation at 37°C for 24 hours, then the number was counted, and pictures were taken using a phase contrast microscope.

Statistical analysis
--------------------

Three independent tests were set up for all experiments. Statistical analysis was performed and presented with GraphPad Prism 7.0 software. Differences between 2 independent groups were evaluated by Student's *t*-tests. Differences for multiple comparisons were evaluated using one-way ANOVA. Overall survival (OS) was calculated using the Kaplan-Meier method; *P*\<0.05 was considered significant differences. Data are presented as mean ± standard deviation.

Results
=======

CLCA4 was decreased in CRC tissues compared with normal tissues in TCGA
-----------------------------------------------------------------------

For the sake of tapping novel mRNAs deregulated between CRC cancer tissues and normal or adjacent tissues with potential research value, we explored GSE21510 dataset containing mRNA expression profiles of 104 CRC tissues and 24 noncancerous tissues. It was found that the expression of CLCA4 as remarkedly downregulated in tumor tissues compared with normal tissues and there was a highly significant difference in the mean expression between the 2 groups ([Figure 1A](#f1-medscimonit-25-4176){ref-type="fig"}). Meanwhile, the expression levels of CLCA4 in tumor tissues were significantly lower than that in normal tissues in both COAD and READ datasets when analyzed using GEPIA online software (<http://gepia.cancer-pku.cn>) ([Figure 1B](#f1-medscimonit-25-4176){ref-type="fig"}). Besides, the expression of CLCA4 was negatively corelated with the overall survival of CRC patients ([Figure 1C](#f1-medscimonit-25-4176){ref-type="fig"}).

To study the clinical significance of CLCA4 in CRC, the expression of CLCA4 was further detected using immunohistochemistry in the clinical tissues collected in our institute which included 64 cases of CRC paraffin tissue samples confirmed by histological examination from January 2017 to December 2017. Consistent with the GEO result, the CLCA4 expression in CRC tissues was obviously downregulated compared to that in the adjacent or noncancerous tissues ([Figure 1D](#f1-medscimonit-25-4176){ref-type="fig"}).

Correlation of CLCA4 expression and clinicopathological characteristics
-----------------------------------------------------------------------

Based on the IRS, the CRC specimens were divided into 2 groups according to relative expression levels of CLCA4. By incorporating the CLCA4 expression data with the clinicopathological features of the corresponding patients, single-factor statistical analysis was performed to explore the correlation of CLCA4 expression level with various pathological factors in CRC, including age, gender, tumor size, clinical stage, lymph node status and pathological differentiation status. It was found that CLCA4 expression was negatively correlated with lymphatic metastasis (*P*=0.037) but had no significance with age, gender, tumor size, TNM stage, or differentiation status ([Table 1](#t1-medscimonit-25-4176){ref-type="table"}).

CLCA4 was decreased in CRC cells compared to cells
--------------------------------------------------

In order to explore the functional role of CLCA4 in CRC, the endogenous expression of CLCA4 were detected in 4 CRC cells and colorectal epithelial cell HCoEpiC using western blot. The results showed that CLCA4 was downregulated in 4 CRC cell lines compared with HCoEpiC. Especially, the expression level of CLCA4 is even lower in LoVo and SW620, which have higher metastatic potential ([Figure 2A](#f2-medscimonit-25-4176){ref-type="fig"}). Then, LoVo and SW620 cells were chosen as parental cell lines to construct gain-of-function cell models for CLCA4. CLCA4 was augmented by infecting LoVo and SW620 with CLCA4 over-expression lentivirus. Augment of CLCA4 expression in the functional model cell lines was confirmed by western blot when compared to a negative control (NC) group in both SW620 and LoVo cells ([Figure 2B](#f2-medscimonit-25-4176){ref-type="fig"}).

Enhanced expression of CLCA4 reduced migration and invasion of CRC cells
------------------------------------------------------------------------

The functional role of CLCA4 was investigated in its gain-of-function cell models. Because the CLCA4 was negative correlation with lymphatic metastasis, we mainly paid attention to its regulation of metastasis and invasion, which had been implicated from clinical data. SW620 and LoVo cells were infected with CLCA4 over-expression lentivirus. Firstly, some changes had taken place, there was a decrease in mesenchymal morphology and an increase in epithelial cell morphology which suggested CLCA4 might participate in mesenchymal epithelial transformation ([Figure 3A](#f3-medscimonit-25-4176){ref-type="fig"}). Besides, CLCA4 over-expression significantly reduced the invasion ability of both SW620 and LoVo cells compared with NC group which was confirmed by Transwell assay ([Figure 3B, 3D](#f3-medscimonit-25-4176){ref-type="fig"}). On the other hand, CLCA4 over-expression obviously inhibited the migration capacity of both SW620 and LoVo cells compared with the NC group which was shown though the cell scratch test ([Figure 3C, 3E](#f3-medscimonit-25-4176){ref-type="fig"}). In order to further confirm if CLCA4 expression was correlated with the expression of EMT markers, western blot was performed to detect the alteration of related markers. It was found that CLCA4 over-expression could enhance the expression of epithelial cell marker E-cadherin but decrease the mesenchymal markers N-cadherin, Vimentin, Snail and α-SMA exactly ([Figure 3F](#f3-medscimonit-25-4176){ref-type="fig"}). Meanwhile, the western blot results showed that CLCA4 over-expression could inhibit the activation of PI3K-AKT signaling to some extent ([Figure 3G](#f3-medscimonit-25-4176){ref-type="fig"}).

PI3K-AKT signaling activation could abolish the inhibition of CLCA4 on the migration and invasion of CRC cells
--------------------------------------------------------------------------------------------------------------

PI3K-AKT signaling was partially inactivated after CLCA4 over-expression in CRC cells which suggests that PI3K-AKT is actually one of the important signal transduction pathways mediating CLCA4 to play biological roles. To further illustrate this point, insulin growth factor-1 (IGF-1) was used to activate PI3K-AKT signaling in CLCA4 over-expressed CRC cells and then Transwell and scratch assays were performed again to assess the invasion and migration capacity of CLCA4 gain-of-function model cells \[[@b19-medscimonit-25-4176],[@b20-medscimonit-25-4176]\]. The results demonstrated that the activation of PI3K-AKT signaling by IGF-1 treatment could significantly restore the inhibition of CLCA4 on the invasion ([Figure 4A, 4B](#f4-medscimonit-25-4176){ref-type="fig"}) and migration ([Figure 4C, 4D](#f4-medscimonit-25-4176){ref-type="fig"}) of CRC cells. These results verified that CLCA4 exerts its metastasis inhibition function partially through PI3K-AKT signaling pathway.

Discussion
==========

In this research, clinical analysis demonstrated that CLCA4 decrease was correlated with lymph node metastasis of CRC patients. Over-expression of CLCA4 could reduce the invasive and migration abilities of SW620 and LoVo cells through EMT inhibition. Meanwhile, these effects were exerted partially via inactivation the PI3K/AKT signaling. These results provide new insights into the functional role and molecular mechanism of CLCA4 deregulation in the progression of CRC.

CLCA proteins have been found not only to regulate inflammatory responses but also take part in carcinogenesis \[[@b15-medscimonit-25-4176]\]. CLCA1 was reported to participate in FAK activation, metastatic growth of melanoma cells, and could be used as a predictor for tumor recurrence and poor survival in colorectal cancer \[[@b13-medscimonit-25-4176],[@b21-medscimonit-25-4176]\]. Oxidative stress could induce CLCA2 expression in a p53-dependent manner to inhibit proliferation of breast cancer \[[@b22-medscimonit-25-4176]\]. These findings implied that CLCA family proteins are involved in tumorigenesis and tumor progression.

As for CLCA4, it has been reported that loss of CLCA4 promotes epithelial-to-mesenchymal transition in breast cancer cells which suggested the regulation of CLCA4 on EMT for the first time \[[@b16-medscimonit-25-4176]\]. Later, it was demonstrated that CLCA4 inhibits bladder cancer cell proliferation, migration, and invasion by suppressing the PI3K/AKT pathway \[[@b15-medscimonit-25-4176]\]. Recently, researchers found that CLCA4 inhibits cell proliferation and invasion of hepatocellular carcinoma by suppressing EMT via PI3K/AKT signaling \[[@b14-medscimonit-25-4176]\]. Nevertheless, the expression and functional role of CLCA4 in colorectal cancer are not well-established yet.

In this study, based on GEO dataset, it was found that the expression of CLCA4 significantly down-regulated in tumor tissues compared with normal tissues and the expression level of CLCA4 was negatively corelated with the overall survival of CRC patients. It is worth mentioning that the immunohistochemistry (IHC) results of CRC tissues collected at our institute showed that CLCA4 expression was negatively correlated with lymphatic metastasis (*P*=0.037) but there was no significant correlation with age, gender, tumor size, TNM stage, or differentiation status. Lymph node metastasis is the most important prognostic factor in CRC without hematogenous metastasis or peritoneal seeding \[[@b1-medscimonit-25-4176]\]. In addition, CLCA4 has been found to regulate metastasis and invasion of bladder cancer and hepatocellular carcinoma cells \[[@b14-medscimonit-25-4176],[@b15-medscimonit-25-4176]\]. Therefore, we focused on the regulation of CLCA4 on metastasis and invasion of CRC cells. We constructed CLCA4 over-expression cell models in SW620 and LoVo cell lines with relatively higher invasiveness and confirmed that CLCA4 was a negative regulator for metastasis and invasive ability of CRC cells. However, our experimental results were limited to the motility of cells which cannot truly reflect the regulation of CLCA4 on lymph node metastasis. It is regrettable that due to the limitation of funds and time, *in vivo* experiments could not be carried out, and can only be explored in our follow-up studies. *In vivo*, CLCA4 over-expressed CRC cells will be injected into nude mice using caudal vein injection. Then *in vivo* imaging can be used to observe the metastasis status at the preset time point.

EMT is one of the important molecular mechanisms of cell metastasis and literature has reported on the regulation of EMT by CLCA4 in other cancer types \[[@b16-medscimonit-25-4176],[@b17-medscimonit-25-4176]\]. It was also verified that the regulation of CLCA4 on CRC cell metastasis was also mediated through the expression alterations of EMT markers in CLCA4 over-expression cell models. In addition, in order to explore the signal transduction pathway of CLCA4, we searched for the relative signal pathways which were reported to be involved in the regulation of cell migration and invasion of CLCA family proteins and then paid attention to FAK-ERK and PI3K-AKT signal pathways \[[@b14-medscimonit-25-4176],[@b15-medscimonit-25-4176],[@b21-medscimonit-25-4176]\]. It was found that the PI3K-AKT signaling pathway was partially inactivated after over-expression of CLCA4. When CLCA4 over-expressed cells were treated with IGF-1 (activator of PI3K-AKT signaling), the migration and invasion capacity inhibited by CLCA4 was significantly restored. However, the key factors of FAK-ERK signaling did not show obvious alteration. These results demonstrated that CLCA4 plays inhibitory roles in invasion and migration through suppressing epithelial-mesenchymal transition via PI3K/AKT signaling of colorectal cancer.

Conclusions
===========

In general, the present study showed that CLCA4 might inhibit CRC cell invasion and migration through suppressing EMT via the PI3K/AKT pathway. If this conclusion is further confirmed by *in vivo* research, CLCA4 might be a potential biomarker for predicting lymph node status in CRC patients for appropriate therapeutic decisions.
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![CLCA4 expression in CRC tissues and its correlation with overall survival of CRC patients. (**A**) Relative mRNA levels of CLCA4 in GEO dataset GSE21510, noncancerous tissues (normal), CRC cancer tissues (tumor). Mann-Whitney was used for statistical analysis. \*\*\*\* *P*\<0.0001 versus normal. (**B**) The expression level of CLCA4 in tumor tissues was significantly lower than that in normal tissues in both COAD and READ datasets analyzed using GEPIA online software (<http://gepia.cancer-pku.cn>). (**C**) Expression of CLCA4 was negatively correlated with poor overall survival of CRC patients (analyzed using GEPIA, <http://gepia.cancer-pku.cn>). (**D**) The expression levels of CLCA4 were detected using immunohistochemistry in the clinical tissues collected ourselves. A scoring criteria was used for semi-quantification of immunohistochemistry. High expression of CLCA4 was defined as detectable immunoreactions with IRS \>4. Representative pictures of different scores were displayed, a was adjacent tissue; b, c and d were moderately, weakly, and negatively expressed colorectal cancer tissues respectively. The magnification was 200×. IRS -- immunoreactivity score.](medscimonit-25-4176-g001){#f1-medscimonit-25-4176}

![Gain-of-function cell models of CLCA4 were established in SW620 and LoVo cells. (**A**) Protein expression levels were detected in 4 CRC cell lines and colorectal epithelial cells HCoEpiC using western blot. (**B**) LoVo and SW620 were infected with CLCA4 over-expression lentivirus (CLCA4) and negative control lentivirus (NC) respectively. Then the protein expression of CLCA4 was analyzed using western blot to confirm that CLCA4 was over-expressed successfully in cell models. For relative quantification, GAPDH was used as the internal reference for western blot.](medscimonit-25-4176-g002){#f2-medscimonit-25-4176}

![CLCA4 over-expression reduces abilities of migration and invasion of CRC cells. (**A**) CLCA4 over-expression resulted in the cell morphology change to some extent. There was a decrease in mesenchymal morphology and an increase in epithelial cell morphology (the magnification was 200×). (**B**) Transwell assay was used to assess the invasion ability of negative control lentivirus infected CRC cells (NC) and CLCA4 over-expressed CRC cells (CLCA4), meanwhile, the invasive cells were counted and compared (**D**). The magnification was 200×. \* *P*\<0.05 versus negative control lentivirus infected cell group (NC). (**C**) The wound healing assay was performed to detect the migration ability of CRC cells in negative control lentivirus infected cell group (NC) and CLCA4 over-expressed (CLCA4) CRC cells and the wound closure was measured (**E**). The magnification was 200×. \* *P*\<0.05 and \*\* *P*\<0.01 versus negative control lentivirus infected cell group (NC). (**F**) Epithelial-mesenchymal transition marker proteins were detect using western blot in CLCA4 over-expressed cells and NC cells. For relative quantification, GAPDH was used as the internal reference. (**G**) Key components of PI3K-AKT pathway were detect using western blot in CLCA4 over-expressed cells and NC cells. For relative quantification, GAPDH was used as the internal reference.](medscimonit-25-4176-g003){#f3-medscimonit-25-4176}

![PI3K-AKT signaling activation abolishes the inhibition of CLCA4 on the migration and invasion of CRC cells. (**A**) Transwell assay was used to assess the invasion ability of CLCA4 over-expressed cells with (CLCA4 + IGF-1) or without IGF-1 treatment (CLCA4). The magnification was 200×. Meanwhile, the invasive cells were counted and compared (**B**). \* *P*\<0.05 versus CLCA4 over-expressed cells without IGF-1 treatment. (CLCA4). (**C**) The wound healing assay was performed to detect the migration ability of CLCA4 over-expressed cells with or without IGF-1 treatment. The magnification was 200× and (**D**) the wound closure was measured. \*, *P*\<0.05 versus CLCA4 over-expressed cells without IGF-1 treatment. (CLCA4).](medscimonit-25-4176-g004){#f4-medscimonit-25-4176}

###### 

Clinicopathological association of CLCA4 expression in colorectal cancer patients.

  Clinicopathological features   No. cases   CLCA4 expression   *P* value   
  ------------------------------ ----------- ------------------ ----------- -------
  Age (years)                                                               0.874
   \>60                          29          13                 16          
   ≤60                           35          15                 20          
  Gender                                                                    0.728
   Male                          35          16                 19          
   Female                        29          12                 17          
  Tumor size                                                                0.506
   \>5 cm                        29          14                 15          
   ≤5 cm                         35          14                 21          
  TNM stage                                                                 0.050
   I--II                         34          11                 23          
   III--IV                       30          17                 13          
  Lymph node status                                                         0.037
   Absent                        34          19                 15          
   Present                       30          9                  21          
  Pathological differentiation                                              0.594
   Well                          15          7                  8           
   Moderately                    24          12                 12          
   Poorly                        25          9                  16          
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